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DZero Collaboration SV Higgs Searcl

at TeV

e 19 pays, 74 instituts, ~ 550 chercheurs.
— DO France: ~ 50 chercheurs.
LPC, LPSC, CPPM, LAL, LPNHE,IPHC, IPNL and CEA

Spokespersons: D. Denisov & G. Bernardi
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DZero au Tevatron, Fermi Lab M Higes Searct

at TeV
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Une petite histoire qui m’est arrivée . ..o

at TeV

Officer: Why you come to

us?

B o || - EEY
Me: I'm researcher, working " : wﬁ“ —~
on particle physics.... ~ ®- | MMIGRATIONS ||
Officer: ...... :. J 4 ....,...ul

e
e

Me: It’s high energy ]
experiment at Fermilab.... ) =

Officer: Low Mass HIGGS?! :

Me: Yes, yes, yes! That’s
right! Why do you know my
work?!

Officer: Ha Ha ha!

Méme un douanier connait le Higgs!!
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Pourquoi le Higgs est un sujet chaud .. .....c....

at TeV

EPTONS Gauge BOSON
Ebactron men Muan rimuc Ton M;l.lllm y
Moss ~0 ~0 g
s ot Higgs??
A11 1067
QUARK Z
. - |
Up Chemrn y
Moss: 5 1500 W “.sjgj’
LDQ‘»?M'?
Du;‘un Shonga
a 160

 Le Modele Standard décrit des particules
massives...

 Grace au mécanisme de Higgs!

 Mise en évidence expérimentale
— Nécessite I'observation ou I’exclusion
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Recherche du Higgs au Tevatron ..o

at TeV

 Premiere exclusion autour de 160 GeV (2010)
e Exclusion a basse masse jusqu’a 108 GeV

Tevatron Run Il Preliminary, L = 8.6 b

 LEP Exclusion |

LB IIII| LI
Tevatron

=
S0 «__  Exclusion
E """"""""" — ?E'Eum / |  ATLAS:
5 | exclu MH>146 GeV
S CMS:
7 exclu MH>145 GeV
—Tevatron Exclusion ~ .uman | Recherche a basse masse avec

100 110 120 130 140 150 160 170 180 190 200 H—>bb est cruciale.

m,(GeV/c?)
H - pour mesurer le rapport

SM Higgs excluded @ 95% C.L. d’embranchement
156 < my < 177 GeV obs (148 < m, <180 GeVexp)  _ pifficile au LHC
100 < my, < 108 GeV obs (100 < my, < 109 GeV exp)
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Contribution a la limite S

at TeV

e 95% CL Limits pour chaque analyse (2011)

MH=115 GeV MH=165 GeV
H->bb H>WW

mode lIbb ivbb vvbb ee eu L
Obs. 4.9 4.6 3.2 2.6 1.1 2.2
Exp. 4.8 3.5 4.0 2.1 1.3 2.2
DO

comb. Obs: 1.8 Exp.: 1.9 Obs.: 0.7 Exp.: 0.9
TeV

comb. Obs: 1.2 Exp: 1.2 Obs.: 0.5 Exp.: 0.6

LPNHE: a |la tete de I'analyse Ivbb,
- meilleur resultat a basse masse.
forte contribution dans la combinaison DO/TeV
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Y. Enari
L’analyse WH % |Vbb SM Higgs Searct

at TeV
3 1551852!, 53t W2 ? 12:::1;; 5.3fb™ W+2 jet
H éﬁ‘?ﬁgh‘ 3 P . Evatla )
3 . w» CIW<+light
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| g 8t m;

’n‘ -!st-tnp
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L’analyse WH = Ivbb

R [ _ -

Ix1 1y

W+2jets @ 10 fb:
Signal attendu: 100 evenements
Bruit de fond attendu: ~ 1.2 M evenements
— Bonne modélisation du bruit de fond nécessaire
_ Legroupe a passé beaucoup de temps pour comprendre
9 et modéliser le bruit de fond.
q-
Strategie:
1. bonne compréhension du bruit de fond
2. erreurs systématiques
3. augmenter la sensibilité.

% 100 200 300 40
Dijet Mass (GeV)
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Background understanding W g Seorc
at TeV
1. bonne comprehension du bruit de fond Ve [EIELT, N [UELE
. . “FEvaluate fake rate in w174
* QCD estimation °s-low MET (<15 GeV) region [Rus 432

oa-With subtracting real electron .-

— Estime avec les donnees.

 lepton fake rate est cruciale.
e Modele W+jets

Cov o b by b by by b g by b Ly
00 20 40 60 80 100 120 140 160 180 200

— ALPGEN modeling. ] ST |
— Reweight Monte carlo - 5 il AL I
o TN,
aux donnees. . 4l
e bID: S
— Correction & Usage de I'information bID - *tﬁ Y
— Optimisation . -
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Erreurs systématiques SM Higgs Searct

at TeV

J. Brown, Y Enari

NiNOSité 6.1 6.1 : :
e e e B 520 Normalisation
epton ID/Trigger 2-3 3-5
et ID 1-2 1-2
et Energy Scale 2-5 2-5
IC o1 | oum | FOMe .
Bruit de fond Multije 1.0 1.0 g o1
PDF, Modélisation NV 2-3 2-3 E
g

e Evalue pour chaque bruit de fond.

~ 60 variations de forme pour un
. I\/ariation +10 de l'efficacité du|
point de masse. bID, Signal WH
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Augmenter la sensibilité. SM Higgs Searet

at TeV

 Developpement trigger inclusif Signal WH
avec/sans correction _

— Gain de l'efficacite de trigger : 20 % - i -

e Jet energy resolution J.Brown /n\ .
— Beaucoup d’essais pour ameliorer la AL

resolution de la masse invariante. - R

 Analyse multivariées J.Brown

Amelioration par rapport a la

— Nouvelles variables et optimisation . “m'te Obtenue a\/_eﬂfmlb/lu
135 ............................. ............................. — :prl:lhl\l 4:f= ..................
NNwbb+tt 13 | |

1.25F
1.2;
NNwbb sk
1
1.0
i

T T T T

M, (GeV)
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. ‘ Comment aVOIr plUS de Slgnal |V-bb? SM Higgs Searct
at TeV
e Changement des criteres d’identification des Y. Enari
leptons
— D@ muon
e Criteres relachés pour le muon :
. o .. . gain de ~ 15%
* Mise a jour des conditions d’isolation lefficaci
e Utilisation de tous les termes trigger sur l'efficacite muon.

— D@ Electron
e Criteres relaché

gain de ~ 15% d’efficacité du
e Optimisation de la rejection Multi-Jet (MJ)

: signal pour le méme taux de
au lieu du veto WtrMass > 40— 0.5 MET . . P
Multijet.
x10° _ V(=lv)+2 jets
§ o5 D@ Runll, Preliminary ;nDnatl?" t
- : ultije
E; : w L7735 b Valf
£ 20 V+hi
5 [ Top
- -VV
15_ DVH (x500)
10F
- o
5 l‘.‘I"..'.,.,‘-o-""

M A-:.JJ-L
T08 06 04 02 0 02 08y RE 08,




s Y. Enari 14
ReSUItatS D¢ SM Higgs Searct

at TeV

WH=>Ivbb [Ldt=8.5 fb1

= [ D@ Preliminary, 8.5 fb"
x10°  V(=Iv)+2 jets, 2 b-tags = |[— Observed Limit
T T B - xpected Limi
8_ 1.4 D@ Runll, Preliminary —+ Data__ E I Exgected Limit £ 1o
°r L =7.5fb" Bl Multijet _ Expected Limit + 2¢
@ 4 of int V+if Q10
212 V-+hf S F e
g 1‘_ fres Top L
-+ mvw | e
0.85 CJVH@xs0) | [
0.6 == 1k
- B 106705110 115 120 125 130 135 140 145 15
M,, (GeV)
95% CL Exp (obs) Limit
07 .08 -06 04 02 0 02 04 06 08 1 3.5 (46) X 5M
Final Discriminant @ MH=115 GeV

e Bruits de fond dominant: W+bb et top.

e On constate une amélioration de 10 % au-dela
de la luminosité.

e Meilleure sensitivité a Dzero a basse masse.



CDF Bump W+2jets S

at TeV

2 s
| % nds 7822181 CDF data (7317 -
| 1 —— Gaussian 2.3% _
I Bl WWAWZ 42% | |
I n W-+Jets 72.1%

= === Top 13.3%
B Z+jets 2.7% .
£33 QCD 5.1% 1
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CDF:

e Avril 2011 : 3.2 s.d. bump a 144 GeV, o=4 pb
— Publie dans PRL
e Mai 2011 : preliminary a Blois 2011

— Plus grande significance : 4.1 s.d. avec 7.3 fb™.

Seminaire par A. Annovi at LPNHE en avril 2011
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DO result on Bump W+Jet S Higgs searct

at TeV

e+ combined

% i = —4-Data ~ -
"‘>‘- 1200 — Dgs 43 tb - Diboson tj?-. c DQ, 43 fb—] —— Data - Bkgd
= LR - [ Z+]ets o 250 = I Diboson
— - [ - .
— N B Top = = r wu= Gaussian (4 pb)
E 800 — [ Multijets ~ 200:— ij = 145 GeV/c?
= - — Gaussian (4 pb) = =
;J;i 600 M, =145Gevrd | 8 190F
C &3 - 5
L 100— 2y =
400 — C P(x")=0.526
C 50:_ """
200 — C
— 0_
i - ¥
0 T e— YT EEs s pw La"vn 4 ¢ es el s 5 Iy pa nl v9 04
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Dijet Mass [GeV/c’] Dijet Mass [GeV/c?]

e Juin 2011: Resultat DZero (PRL)
— No bump a ~ 144 GeV
— Exclu 4 pb @ 144 GeV a 95 % CL.
* Le directeur de Fermilab a lance une task force.
— Il semble que la Jet energy scale pour les jets de gluon ne
soit pas traitee correctement.

e Contribution du LPNHE (Greg en temps que Phys. Coordinator)
— Yuji participe a la revue interne de I'analyse de DO
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ContribUtiOn du LPNHE SM Higgs Searct
at TeV
Responsabilites Talks
G. Bernardi Phys. Coordinator (2009-2011)  Lepton Photon
Dzero Spokes (2011-) 2009,
Susy 2011
J. Brown Ph.D Thesis (2011) APS 2010,
Lake Louise 2011
D. Brown QCD EB chair (-2010) Blois 2010,
Clued0 Admin. (2010-) DPF 2011
Y. Enari Clued0 Admin (-2010), DO AC Moriond EW 2009
Chair (2010), Low Mass Higgs ~ CHEP 2010
Conv. (2009-2011) Higgs Hunting 2011
N. Huske Ph.D Thesis (2010) Higgs Hunting 2010
D. Li Ph.D Thesis (2013)

Publication: WH search 1.0 fb1: Phys. Rev. Lett. 102, 051803 (2009)
WH search 5.3 fb1: Phys. Lett. B 698, 6 (2011)
Preliminary result: 2009 Winter, 2009 Summer , 2010 Summer, 2011 Summer.
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Conclusion S —

at TeV

 Le LPNHE est fortement impliqué dans le
programme Higgs au Tevatron
— Particulierement pour le mode H>bb
* Nous sommes les contributeurs principaux
— Impact fort dans la combinaison

* Futur
— Arret de la prise de donnees la semaine prochaine.
e Big party!
e Statistique finale de 10 fb!
— Continuer dans la recherche H>bb
— Pour mesurer les propriétés du Higgs
— VZ—2>Ivbb est un objectif a court terme
— Beaucoup d’améliorations seront apportées a I’été prochain
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Data Set SM Higgs Searct

at TeV

Tevatron Runll integrated luminosity 19 April 2002 - 24 July 2011

10 July 24t 2011: 11.57 fb-* delivered, ] /

. /
10.36 fb™* recorded. 11.57 P,

109 Data taking efficiency: > 90%, 93%(highest), } //

9.0 ———————————+— A

80 L Analyzed data set: z/,/

4
70 — 1 /_..r/// 10.36
7.5~7.91b A1/

o
o
!
|

Luminosity (/fb)
h
o
|

w 8.5~8.6 fbl ;‘f/

B /
**1” recorded data upto 2011 March ~ | |7}/
30— — ] |
| | A '
2.0 #_ﬁ,-;#f
1.0 P
0.0

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Thanks to the Tevatron Accelerator Group for great effort !!
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RESUItatS D¢ SM Higgs Searct

at TeV
[ro— —_—
+Ldt=8.6 b,  WH=2Ivbb +Ldt=8.5fbt VH2VVbb +Ldt=8.4 b
o 120 = . «10°  V(—=Iv)+2 jets, 2 b-tags o S ZH—)Wbb Analvsm _sample (two b- tags)
= - Double Tag DO Preliminary, 7.5 fb g 1 4:_ D@ Runll, Preliminary -+ Data ~ 800 MJDT > 0.0 Do Prellmlnar}«r (8.4 fb™) 2
g C —e— Data o L R Il Multijet o J
@ 100 ZoLF = F L =7.5fb Valf 2 700 o 3
- 3 1.2 * 0n B vehtaevy 3
T N Z4bb 2 C W V+hi - Vil =
80 . ZicT [ To 5 600 . Multijet =
i Top o 1 g P > [CJvH= 10 3
C | Diboson C My w 500 =
60 - .- I Multijet 0.3 [JVH (x50) 400 _E
- 0.6 300 —E
0.4 200 -
0.2 100 _i
0 0.1 0. 2 03 04 05 06 0.7 08 09 1 0 = : 0_1 =
RF Output 1 08 -06 04 -02 0 02 DFTM,OD?SC,E“?M,,: " Final Discriminant
10°F = = F P =] & = - ] 1
il po Prellmmary Observed Limit - » [ DOPreliminary, 8.5 fb - T DO Preliminary (8:4 1),
:E Expected Limit = | = Observed Limit ; |- ::xﬁ:;:ﬁ:ﬁ : :
== ) E - Expected Limit =
[ 5 e Expected Limit + 1o e«
g - Expected Limit + 26 X
T Q10 T
N 32 —
T re N
(=% @ S
]
: &
_— o
— e
= ©
E : 5 : i : -
a e —— L T T T T T T P S ) = e e mm e e
100 105 110 115 120 125 130 135 140 145 150 100 105 110 115 120 125 130 135 140 145 150 E 10(] 1[)5 11[) 115 120 125 130 135 140 145 150
M, (GeV) M, (GeV) -

m, (GeV)

95% CL Exp (obs) Limit 95% CL Exp (obs) Limit 95% CL Exp (obs) Limit

4.8 (4.9) xsm 3.5 (4.6) xsm 4.0 (3.2) xsm
@ MH=115 GeV @ MH=115 GeV @ MH=115 GeV

Gain de 10%au-dela de la luminosité
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Comment trouver le Higgs? A g Searl

at TeV

e Désintegration du Higgs
— Comme le top est trop lourd, |la paire bb est la plus lourde a
basse masse (MH<<2xM,, )
— Mode de désintegration dominant dans la region MH<2xM,,,
— La découverte du mode H—>bb mode est essentielle pour
établir le MS.

branching ratio

NEED THIS???

200

:I T | ' . " 1 T T I .
100 120 140 160 180
Higgs boson mass (GeV)
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Production du Higgs standard . ....cc.

at TeV

100 120 140 160 180 200

e Section efficace la plus grande: gg—=>H J a| besom de ca??>

— Le Higgs se desintégre en bb dans la région a basse masse

— - Bruit de fond multi-jet trop grand, presque
impossible

 Production associée W ou Z a basse masse
— Lepton de grand pT avec la désintegration H>bb.
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Three Channels with H=>bb s o

at TeV

%10_2;_ Other SM Higgs search
o -H> ©O
o I “VH- | + jets
107 - VH21I(1)+x
- - HOWW Ivjj

- See next talk !
10'4 = NNLO, one lepton flavour

— qq —> WH — Ivbb
—qq— ZH — llbb
— qq— ZH — vvbb

o,
‘\
! ! !

10'515__ —gg—o> H-> WW S Iviv
100 120 140 160 180 200
m,, [GeV]
ZH>19 bb WH=>H bb ZH=>1l bb
MET+bb l+MET+bb 21(e/[)+bb

Multi-Jet (MJ) Background:

HIGH | > LOW

Note: No Single analysis can find Higgs = Combination with Dzero and CDF.




CDF and D@ Detector :Af:;rgisse:;

at TeV

Tracker Solzanoid Magnet

SVXII + ISL

coT

Muon chambers/scintillators Electronics Preshowers

General purpose detector Rapidity coverage

Good hermeticity CDF Dzero
Track 2.0 2.5
Cal (EM,HAD) 3.6 4.0
Muon 1.0 2.0

B-field 1.4T 20T



MVA tagger
— Better performance

Modeling
— Update on TRF, Fake rate

measurement

e Systematic uncertainty reduced by 50%

on fake rate.

Usage

Application of TRF
Use all operating point.

Use shape of bID MVA output

the final MVA

Two orthogonal sample

2 b-tag: both jet pass Loosest tag

1 b-tag: one of jet pass Loosest tag

b-Jet Efficiency (%)
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New feature on D@ b-tagging . oo

at TeV
- Taggeir E E ;
65/ | —— NN Moriond 09 w
I | —%— NN Summer 09 o
| —%— MVA BL Summer 09 "
60 - — = —
55 i +13% signal ! I /
u VA L —
50 . X .
A |
a5 | -50% fakes |
- F,érfl akes 1] p,>40and 0 <[ <0.8
40- "F
0 02 04 06 08 1 12 14
fake-rate (%)
><1|03| | . ZH—>vvbl|:> Analv3|s sample (pre b taq
3.5 DO Prellmlnary (8.4 fb )_
3 - -T p ——
C . 0 V+hf.+VV
L V+I.f_._
25 . o
1.5
0.5

8 10 12
Leading Jet bIMVA OP



V+Jets Modeling

ALPGEN+PYTHIA is used in both CDF and DO.

— D@ analyses apply reweighting from extracted from data to V+Jets

monte carlo.

— Lepton |, Jet|, angle between jets, W pT
— Consistency check between lepton, data epoch, final state, etc..

Sherpa
Alpgen

Sherpa/Alpgen

SIHE BPA w1 Ei‘z.-'Al pgen \.-2..1 1

3 4

2
AR(jetl, jet2)

Y. Enari 26

SM Higgs Searct
at TeV

Plots courtesy of Adam Martin

SHERPAv12.3/Alpgen v2.11

2

—; -1 [1] 1
n(jet2)
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b-Jet Identification M Higgs searcl

at TeV

Run 227895 Evt 117967657 Wed Nov 22 16:59:06 2006

ET scale: 18 GeV T = = =

Evty 17967657 Wed Nov 22 16:59:06 2006
R - — -

O =

o 5

- e " N '“- = /
N 7S
/ ont(X-Y) /|

7 /

Vertex Tagging
(transverse plane)

(Signed) Track
Impact Parameter (dca)

Hard Scatter



MVA usage @ CDF/DO

DO analyses often use BDT with TMVA

— “Stochastic gradient boosting” seems to be good.
— Matrix Element analysis: takes time, not processing recently.

e CDF analyses use various MVA
— BNN, NEAT, NN, Support Vector Machine, ....

— NN is often used in the corrections (dijet mass, trigger turn-on)
— Proceed Matrix Element analysis (not this summer)

e Key feature/ Trend
— Trying to reduce number of input variable
— Trying to find optimal usage

Y. Enari

most

An interesting example from D@ Ivbb

= Build MVA in order to choose input variable ==
MVA for ttbar vs WH and MVA for Wbb/cc vs WH

—= Use the union of the

powerful
+HAvariable<—af Ao\ A< faor-fina-NAA

28



Cross section (barns)
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Background and Signal SM Higgs Searct
at TeV
e Cross section at Vs = 1.96 TeV
Events
with 1 fb- - .
Totlinelasic | Background Estimation
L erib | A from data
bb 1 x 10 LOD W+Jet
-ub S Z+lets - ALPGEN/Pythia
u ox1e ||a  ttbar,
b 7 6 x 105 (:D" Pythia
f e 3 COMPHEP
s _ 5000 [
J\ ~100?
Higgs (ZH + WH) YV

-fb

100 120 140 160 180 200

Higgs mass (GeV)/c2

Signal Estimation
WH/ZH  Pythia




158 Check on the excess: signal injection

Y. Enari 30
SM Higgs Searct

at TeV
* |nject expected signal
event of MH=115 GeV and
check how limit curve look |
like. g poofcimneyas® =
= HEE i
e With current luminosity, &
we suppose to have < 1 2
sigma excess in wide range £ BT e e
due to mass resolution. = i

e Looks consistent what we
observe in MH~ 130 GeV.

Injected signal of this plot:

m, (GeV)

100 105 110 /\ 15 120 125 130 135 140 145 150

ZH—->vvbb with scale factor of 4.2
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